I. INTRODUCTION
Human beings repeat focus control of the thickness of the eye lens, according to the distance, and vergence control, which always keeps the key-object formed in the center of both the retinas and so, provides evernatural and clear image information [1] [2] [3] [4] [5] . The multiple cameras with two or more sensors or a lens array composed of many lenses are used to get three-dimensional data [6] [7] [8] . The last goal of research on stereoscopic images is to make an artificial visual device which acquires information as similar as possible to the visual information formed on both the human eyes. Acquiring a stereoscopic image similar to image information provided through both human eyes requires preceding research on the binocular stereoscopic camera method using two cameras.
There are two methods for acquiring stereoscopic images: one is the binocular stereoscopic camera method using left and right cameras grouped according to the number of cameras used, and the other is the multi view camera method for acquiring images information of a specific image concurrently from several angles. The latter can maximize the effect of stereoscopic images of limited region or object, but has some trouble in processing complex images or in moving cameras
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There are two kinds of vergence control methods of binocular stereoscopic cameras: one is by calculating the distance information of the key-object and the other by using disparity information between left and right images according to the position of the key-object in the image. The former requires complex calculation of the mechanism by mechanical methods, and has a defect that the distance of the key-object lessening the accuracy of calculation. On the other hand, the latter has simple and accurate vergence control by using disparity information between key-objects in acquired left and right images.
As preceding research on the binocular disparity extraction method for the vergence control of binocular stereoscopic camera, Krotkov extracts the mean value and the variance value and takes advantage of the depth distribution of specific points, but the method has some trouble in accurate vergence control except in specific environments [9] . M.Tanaka attempted the vergence control of binocular stereoscopic camera using ZDF(Zero Disparity Filter) which takes advantage of left and right image edge detection [10] . H. Hirschmuller proposed a cross correlation error function for vergence control of one point. Its method of extracting disparity value by ZDF and correlation is also low in accuracy and has a long processing time [11] . D. J. Coombs, etc. proposed the real-time vergence control system using a Cepstral filter for estimating the quantity of vergence control error in the acquired left & right stereoscopic images. [12] [13] [14] Last, K. C. Kwon [1] showed the theory of relationship between vergence and focus according to the object distance of parallel stereoscopic cameras, and took advantage of one-dimensional Cepstral Filter with the vertical projection data of a pair of stereoscopic images as input data for fast, accurate simultaneous control of vergence and focus. The methods of extracting disparity information that have been proposed for the vergence control of stereoscopic cameras have long-time processing and low accuracy, and also most of them are vergence control methods of toed-in stereoscopic cameras.
This study has extracted disparity information by image processing, and then proposed a vergence control method of a binocular stereoscopic camera using the former. The vergence control method proposed by this study extracts the key-object from stereoscopic data through labeling, calculates disparity information, always keeps the distance of the key-object and the convergence distance of left & right camera the same by using the disparity information. The quantity of vergence control can be estimated by applying the disparity information calculated from the acquired left and right images to the 2nd Lagrange approximated equation while the distance of the key object is made to vary, and accordingly, the experiments confirmed that it is possible to simplify the vergence control method of the stereoscopic camera.
The proposed vergence control method can make extraction of disparity information simple and fast, and also, can make vergence control accurate, and the distance information of the key-object calculated by the focus information of the lens used can estimate the quantity of vergence control by the Lagrange approximated equation, and so, can automate the vergence control of binocular stereoscopic camera quite simply.
II. CHARACTERISTICS OF VERGENCE CONTROL OF BINOCULAR STEREOSCOPIC CAMERA
According to the distance of the key-object, there are two methods of binocular stereoscopic camera with controllable vergence: toed-in mode and parallel mode. The former is a binocular stereoscopic camera method controlling vergence by rotating the optic axis of the camera at an angle of θ according to the distance of the key-object as in Fig. 1(a) . Parallel mode, however, is a binocular stereoscopic camera method of controlling vergence by horizontally moving separated lens and CCD sensor into symmetric position to each other. Either of them can easily acquire the quantity of vergence control θ and h by interpreting their own geometric structure [1] [2] [3] . With the distance between lens and key-object as p, the distance between CCD sensor and lens as f, and the distance between left and right camera as 2t, the vergence control angle of toed-in camera (θ) and the control quantity of parallel camera (h) can be expressed as follows: Vergence Control of Binocular Stereoscopic Camera
If it is considered as there is no vertical disparity of the left and right camera for making stereoscopic camera, there always exists horizontal disparity of the stereoscopic images acquiring as the distance of the key-object. Therefore, it is just needed the process to extract disparity information of the key-object acquiring from the left and right stereoscopic images for vergence control.
III. VERGENCE CONTROL OF BINOCULAR
STEREOSCOPIC CAMERA
Automatic vergence control method by disparity information
The proposed vergence control method of a binocular stereoscopic camera by disparity information, when the early convergence distance of the stereoscopic camera doesn t correspond to the distance of the key-object as ' in Fig. 2 , extracts the horizontal disparity of key-object from the acquired left & right image, and minimizes the difference between the distance of a key-object and the convergence distance of camera by keeping disparity value to the minimum [1] .
The proposed vergence control algorithm of a binocular stereoscopic camera has consisted of extracting the key-object from the acquired left & right images, as in Fig. 2 , by simple image processing, and then calculating disparity information and then compensating it.
Extraction of disparity information by image processing is composed of three steps: converting color image to gray image, labeling, and extracting the key-object.
Conversion to gray image is the previous process for speeding the processing, and labeling the previous process for extracting the key-object. Fig. 3 shows an example of extracting the disparity information of the key-object through image processing. The position of the key-object and the square region in Fig. 3(a), (b) were assumed to remain in the center of the image, and the key-object was extracted within half the full region from the center of the image, and disparity information was calculated. Also, for extracting the key-object, the threshold value is fixed by applying the empirical rule to the histogram distribution of the brightness of the region of interest as in equation (2) within the labeled region through the labeling method [15] . That is, 95% of the total brightness distribution of the region of interest is fixed as threshold value and then labeled. Threshold value Ath is what is the result of subtracting twice the standard deviation(s) from the brightness value distribution of the region of interest or of adding twice the standard deviation(s) to mean value(   ), and the threshold value are two. Of these, whether to use the threshold value with large or small brightness is decided by considering the brightness of the key-object selectively. Fig. 3(c) shows the result of extracting the key-object by labeling left and right images. Extracting the disparity information of the key-object fixes the symbol by acquiring the coordinates of the boundary point of the key-object in left and right images, and calculates the absolute value of the difference between coordinate values. Fig. 3(d) shows an example of the result of extracting the disparity information of the test image.
Automatic vergence control by estimating disparity
For a fixed binocular stereoscopic camera, binocular disparity varies from plus to minus or from minus to plus, according to variance in the distance of the key-object. So analyzing the absolute value of binocular (left and right) distance difference according to distance between camera and key-object can estimate disparity information, and execute vergence control. That is, this can be expressed in equation (2), and its answer value is the point when the vergence control of the key-object comes to an end. The method proposed here of solving equation (2) is relatively quick and simple, and uses the Lagrange interpolation method which can be used with no relation to the interval of data.
Generally the definition of interpolation is as follows: Suppose that there is a non-polynomial function[f(x)] with real value in n+1 points (x0, x1, , … xn) and a closed interval including these points on the X axis, and that there is the n-th polynomial equation (4), which is called the interpolation polynomial, satisfying equation (3) of these points. And interpolation means finding the approximated value of f(x) other than the given points by interpolation polynomial.
For the interpolation polynomial, its answers can be acquired by substituting the condition of equation (3) for equation (4) , and then solving n+1 equations of coefficient a i . Of several interpolation polynomials, finding the 2nd approximated equation with just the coordinates of three points requires the Lagrange interpolation polynomial. Equation (5) shows the n-th Lagrange interpolation polynomial of a point (x 0 , x 1 , , … x n ) [16] .
When there are coordinate points (x0, y0), (x1, y1) … (xn, yn)equation (6) shows their interpolation polynomial.
When the interpolation polynomial is acquired directly from those points as in the above expression, the following is the procedure for the simulating algorithm that acquires approximated value in other points.
(1) Input n, x, x i , y i (2) Set S=0 (3) Perform the following steps from K=0 to n. 
Analyzing the characteristics of binocular stereoscopic camera vergence control using acquired disparity information
For an experiment of extracting binocular stereoscopic disparity information, as in Fig. 4 , the convergence distance of the stereoscopic camera was fixed at 1,000 mm, and the observed object was moved 100 mm at a time from 600 mm to 1,400 mm to acquire left & right images, and disparity information was extracted by the method proposed here.
The following results as in table 1 can be acquired by making the distance of the key-object and that of binocular stereoscopic camera different and applying the proposed disparity information-extracting algorithm to the left and right image of a single object inputted from each point. Here, L means the distance between the left-image key-object and the left standard point of full image, R means the distance between the rightimage key-objectand the left standard point of full image. L-R shows the distance difference between the left standard points of the right and left images of the same key-object, and |L-R| is the absolute value of the acquired distance difference.
As the above Table 1 shows, the difference between the central points of the key-object in its left and right images is gradually decreasing and then increasing.
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This means that high quality stereoscopic image can be acquired when the convergence distance of binocular stereoscopic camera is the same as the distance of the key-object that is, the disparity value of the key-object is the minimum. That, in other words, means acquiring the best stereoscopic image from the point of 1,000 mm where vergence control makes the distance of the key-object and the convergence distance of the camera the same. Therefore, acquiring a stereoscopic image always requires vergence control of the binocular stereoscopic camera according to variance in the distance of the key-object.
Experimenting with vergence control by estimating disparity information
The study acquired a little more complex image through the binocular stereoscopic camera, and extracted disparity information by image processing, and made an experiment on estimation of the disparity value by Lagrange interpolation. As in Fig. 5 , disparity information was extracted through the acquired experimental image according to distance, and then the estimated value was analyzed by applying the Lagrange interpolation equation. For the same distance, left image(L) means left-eye image, and right image(R) means right-eye image. Moving the key-object has caused distance difference between the left image and the right image, which has been compared with the theoretical value by a numerical expression, as in Table 2 . Table 2 shows the results of extraction and interpolation of disparity information in a complex environment. As for estimation of disparity information, the study assumed that a specific binocular stereoscopic camera already has the disparity information of the key-object on three spots beforehand, and we made an experiment of estimating disparity information by Lagrange interpolation. The study fixed the maximum distance at 1,400 mm, and then calculated the disparity difference of left and right images at a long distance from the key-object and at a short distance and at a middle one, and acquired a Lagrange interpolation equation, based on the former results. As shown in Table 2 , experiment Case 1 with 700, 900, and 1,400 mm as standard distances has proved that vergence control at 1,000 mm brings the minimum error in real estimated value and theoretical value. And experiment Case 2 with 600, 900, and 1,300 mm as standard distances also proved that vergence control is fixed at 1,000 mm corresponded to estimation value. And the error range of theoretical estimated value and real measured value is within about 20 mm by each distance, which has been found rather accurate. Also, for experiment Case 3(700 900 1,100 mm) establishing all three points as either a long distance or a short distance and experiment Case 4 (1,000 1,200 1,400 mm) establishing all the three points just as a long distance, the theoretical value converges on the minimum distance (1,000 mm), so the study has proved that any three points can have accurate vergence control. Also, focusing on either a long distance or a short distance can prevent vergence control from going wrong by emphasizing just one of the error range ends. The following Fig. 6 shows real measured values based on the data in Table 2 and theoretical values for four cases of interpolation polynomial. It shows that they all converge on 1,000mm, and that binocular stereoscopic camera vergence control is very similar to the real measured value when the interpolation polynomial is applied to any three long-or short-or middle-distance points.
V. CONCLUSION
This study has extracted the disparity information of the key-object for binocular stereoscopic camera vergence control, and then proposed an algorithm calculating the vergence distance of the key-object. The proposed method can be used as algorithm for automatic vergence control of a binocular camera, considered important in optics. The proposed vergence control method extracts the key-object from the acquired stereoscopic data through labeling, and calculates the disparity value of left & right images. The study took advantage of the disparity information of left and right images obtained by varying distance between camera and the key-object, and could estimate the quantity of vergence control by applying this to the 2nd Lagrange approximated equation. And it could simplify the stereoscopic camera vergence control method by proving that the control points of estimated value and real measured value converge. Therefore, it is expected that the proposed method can be used as automatic algorithm in time of minute adjustment of vergence control. FIG. 6. Variance in the disparity of left and right images according to distance between camera and key-object.
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